I compute the leading correction to the structure constant for the threepoint function of two length-two and one length-four chiral primary operators in planar ABJ(M) theory at weak 't Hooft coupling. The computation is reduced to four-loop propagator type Feynman integrals via a manifestly finite integration over the position of the length-four operator.
Introduction and result
This paper is a continuation of the works [1] [2] [3] , where it has been pointed out that the N = 6 Chern-Simons matter theory of Aharony, Bergman, Jafferis, and Maldacena (ABJM) [4, 5] presents a nice lab for looking at three-point functions because, unlike N = 4 SYM, the protected chiral primary operators don't have protected three-point functions. These operators are defined by
where the Y A i =1,2,3,4 are the bifundamental (N,M) complex scalars of the theory, k is the Chern-Simons level and C A is a traceless symmetric tensor. Their conformallyfixed three-point functions
where γ i = ( j J j − 2J i )/2, γ = γ 1 + γ 2 + γ 3 , and x ij = x i − x j , include nontrivial dependence of the structure constant C 123 on the 't Hooft couplings λ = N/k, λ = M/k. At strong coupling, and in the ABJM case where N = M, supergravity tells us that [6, 1] C 123 (λ ≫ 
and suggests a series of interpolating functions corresponding to the independent ways the C-tensors can be contracted. The case of extremal correlators -when J 3 = J 1 + J 2 -offers a dramatic simplification. In this case we have a single possible contraction (labelled "tree" for reasons to be explained directly) and obtain
This expression is similar to the tree-level expression
and thus suggests a simplification compared to the non-extremal case. In this paper I compute the structure constant at leading loop order for the simplest such extremal correlator consisting of one length-four operator and two length-two operators. The result is
For the ABJM case where N = M the strong coupling result is (4)
and thus C 123 interpolates between 1 + λ 2 π 2 /3 and this value. It remains a very interesting direction of future research to determine this interpolating function exactly.
In the following sections of the paper I review the method of calculation first presented in [3] , and give an account of the various Feynman diagrams contributing to the result. The appendices contain the details of the reduction to master integrals and the presentation of the master integrals themselves. We have used the dimensional regularization scheme adopted in [7, 8] where d = 2ω = 3 − 2ǫ and all numerators are reduced to scalar products at the physical dimension first, while loop integration proceeds as usual using dimensional regularization. The conventions used here are identical to those used in very similar contexts in [8, 2, 3] and the reader is directed to these works for statements of the action, Feynman rules and other details.
Spacetime point integration method
In [3] a novel method for computing three-point functions of protected operators was suggested. The idea is to exploit the finiteness of the three-point function by integrating over one of the spacetime points where one of the three operators is sitting, using the same dimensional regularization scheme used in the loop computation. This reduces the required Feynman integrals to propagator-type, which are more easily evaluated.
In the case of two length-two and one length-four operator in ABJM, this integration is itself convergent if we choose the point where the length-four operator sits to integrate over. We will look at the following specific operators
The three-point function is
Integrating over x, we obtain
and soĈ
Thus the task is to calculate
, which in momentum space amounts to setting to zero the momentum flowing into the central operator. We thus obtain four-loop propagator-type diagrams which we tackle in the following section.
The structure constant is renormalized by the two-point functions of the three operators according to
where
and where g i (0, 0) = 1.
Feynman diagrammatics
We will require the two-loop decorations of the (integrated) tree-level correlator where we have indicated the length-two operators with grey blobs. The first thing to notice is that diagrams in which only one of the two loops are decorated 2 are removed by the g 1 and g 3 terms of the renormalization (12) . We thus move on to the diagrams in which decorations connect the right and left loops. Many potential diagrams evaluate to zero via two mechanisms. The first is that a gauge field line drawn across two legs of an operator (from one scalar-scalar-gauge vertex on each leg) will produce zero as long as it can be contracted to the operator site (i.e. without encountering other vertices along the way) [2] . Examples of these types of diagrams are
The second mechanism is encountered when a single gauge field connects to the left or right loop
here the sum of connecting the lone gauge field to the top line of the loop and to the bottom produces zero via a simple integration by parts. Note that in the above we have not shown the left loop where the gauge field originates. We are then left with a series of non-vanishing diagrams, which have been collected in table 1. These diagrams are evaluated using the Feynman rules published in [8] and used already in [2, 3] . The resulting integrals are then reduced to master integrals using the LiteRed package of Roman N. Lee [9] , and in particular the "p4.zip" basis provided on his website 3 . One then requires the ǫ-expansion of these master integrals generically out to O(ǫ 2 ). In four-dimensions these integrals have been evaluated to high-orders in the ǫ-expansion [10] , starting with the original work [11] which used the glueand-cut symmetry, and using the method of dimensional-recurrence and analyticity also pioneered by Lee [12] . The author is very grateful to Prof. Lee for providing the three-dimensional epsilon expansion of the required integrals out to 500-digit accuracy which have allowed this computation to be executed [13] .
We must also evaluate the finite renormalization of the two-point function for the length-four operator. The diagrams required are shown in table 2. They are mostly Table 1 : Decorations of the three-point correlator. Unique diagrams obtained through reflection about the horizontal and vertical axes must also be considered. Table 2 : The Feynman diagrams which contribute to the two-point function of the length-four operator. The various decorations must be considered on all sets of adjacent legs. Unique diagrams obtained through reflection about the vertical axis must also be considered.
captured by the three-loop propagator diagrams encountered in [3] but the final two diagrams require the same four-loop integrals discussed above.
We conclude this section with a statement of the results. The reduction of the individual diagrams to master integrals is given in appendix B, and in appendix A we quote the results for the master integrals in an ǫ-expansion about three-dimensions. In table 1 the following diagrams add to zero at O(ǫ 0 )
The remaining diagrams are individually finite and sum to sum of diagrams in Table 1 500
where the result has been verified to 500 digits of accuracy. Using (11) we find
The two-point function evaluates to sum of diagrams in Table 2 500 ≈ (λ +λ)
and using (13) we find
Finally using (12) we obtain (6).
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A Master integrals
The master integrals required for the calculation are a subset of the basis presented in [11] ; they have been collected in figure 1 . [12] and their values out to 500 digits have been shared with me [13] . The algorithm PSLQ [14] has been used in certain places to provide analytical results for terms in the ǫ-expansion. We use d 2ω l/(2π) 2ω as the loop integration measure where d = 2ω = 3 − 2ǫ. The G and F functions are given by
and [15, 16] 
The Fourier transform is defined as
Below we employ a convenient normalization for the presentation of the ǫ-expansion of the integrals
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Figure 1: The four-loop master integrals required for the three-point function, reproduced from [11] .
B Reduction to master integrals
B.1 Three-point function diagrams
I give below the reduction of the integrated three-point function in terms of basis integrals. This reduction was performed using the code LiteRed [9] . An overall factor of (4π/k) 2 is suppressed. The colour factors of the diagrams are all equal to 
B.2 Two-point function diagrams
The two-point function of the length-four operator is essential for renormalizing the three-point function. Here I give the reduction to master integrals which was performed in a very similar context in [3] . Again, a factor of (4π/k) 2 is suppressed while the colour factors for the various diagrams are
The scalar propagator at two loops involves the quantity [8] 
The following three-loop master integrals are employed here 
